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QUANTIFICATION OF CARTILAGINOUS CALLUS BY CONTRAST ENHANCED
MICRO COMPUTED TOMOGRAPHY IMAGING FOR FRACTURE HEALING
EVALUATION
S. K. H. Chow, U. Y. Chow, K. S. Leung, W. H. Cheung
Department of Orthopaedics and Traumatology, The Chinese University of
Hong Kong, Hong Kong
Objective: Formation of soft cartilaginous callus to stabilize the fracture
site is an important stage in the healing process. Computed Tomography
(CT), which is a non-destructive approach, can be a useful tool in the studies
of fracture healing. However, the low radio-opacity of cartilage hampered
the use of CT as it is nearly invisible on radiographs or CT scans in the early
stages of healing.
Methods: This study used a combination of a commercially available anionic
contrast agent known as Hexabrix and micro-computed tomography (mCT)
to visualize the soft cartilaginous callus around the fracture site in rats. A
transverse, unilateral and closed fracture was made on the right femur of
each rat. Fracture calluses were scanned before and after the incubation
in different concentrations of Hexabrix from 10% to 40%, resulting in
non-uniform distribution of anionic contrast agent depending on the electro-
chemical interaction between the contrast agent and negatively-charged
sulfated glycosaminoglycans (sGAGs) in the cartilage. The CT images were
then segmented, reconstructed and evaluated for both morphological and
compositional analyses. The volumes identified with contrast-enhanced
computed tomography (CECT) were compared with the area obtained from
the gold standard histological assessment.
Results: Dilution of anionic contrast agent to 20% was found to be the
optimal concentration that allowed both qualitative identification and quan-
titative analyses of the cartilages. The callus volume measured using 20%
contrast agent with CECT was also strongly predictive of the corresponding
histological measurements.
Conclusion: These findings show that non-invasive CECT allows visualization
of soft cartilaginous callus and quantification of the callus composition,
enabling a more comprehensive examination of fracture healing on animal
models thanks to the non-destructive feature that allows future mechanical
testing.
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RESTORATION OF ESTROGEN RECEPTOR EXPRESSION IN OSTEOPOROTIC
FRACTURE BY LOW MAGNITUDE HIGH FREQUENCY VIBRATION THERAPY
S. K. H. Chow, K. S. Leung, L. Qin, W. H. Cheung
Department of Orthopaedics and Traumatology, The Chinese University of
Hong Kong, Hong Kong
Introduction: Osteoporotic fracture healing was shown to respond differ-
ently to mechanical stimulation from normal fracture, possibly due to
delayed estrogen receptors (ER) expression for mechanical signal transduc-
tion. We hypothesized that Low-Magnitude High-Frequency Vibration
(LMHFV) could restore ER-a and ER-b gene expression, thus accelerate oste-
oporotic fracture healing.
Methods: Seventy-two osteoporotic SD rat fracture model was used to inves-
tigate the effect of LMHFV on the callus morphometry, estrogen receptor
expression quantified by real-time PCR, and ER-immunohistochemistry
(IHC) and micro-CT. Fractured rats were assigned to SHAM, OVX and OVX-
VT group, assessed at 2, 4, 8 weeks post-fracture (gene: nZ5/group/time-
point, IHC: nZ3/group/time-point).
Results: SHAM and OVX-VT showed higher callus size than OVX group from 2
to 4 weeks (all p<0.05). Both ER-a (p<0.001) and ER-b (pZ0.003) gene
expression was higher in the CTRL and OVX-VT groups at 2 weeks. BMP-2
expression was higher at week-2 (pZ0.007) and week-4 (pZ0.001) in
SHAM and OVX-VT groups. IHC showed generally stronger signal in the
SHAM and OVX-VT groups than the OVX group at week 2. Micro-CT showed
higher low-density callus volume in the OVX-VT group.
Conclusion: Osteoporotic fracture healing was shown to be accelerated by
LMHFV by callus morphometry. ER and BMP-2 expression levels were shown
to be comparable between SHAM in OVX-VT at early stage of fracture healing
over the OVX group. IHC also demonstrated similar observation. We conclude
that expression in ERs in osteoporotic fracture healing could be restored by
LMHFV, thus leading to differential healing responses to mechanical
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PREVENTION OF STEROID-ASSOCIATED OSTEONECROSIS IN RAT MODEL
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Objective: The treatment strategy of steroid-associated osteonecrosis
(SAON) is to promote bone formation and inhibit bone resorption in
early stages. We found a semisynthesized small phytomolecule namely
icaritin that presented the properties of osteogenesis and anti-bone
resorption. The current study developed a novel bone-targeting inject-
able Asp8-liposome-icaritin (ASP-LP-ICT). As coupling of osteoblasts and
osteoclasts play key roles in bone turnover, this study aims to report
on the histological and cytological evaluation of ASP-LP-ICT developed
for SAON prevention.
Methods: Based on our established technology, ASP-LP-ICT was first synthe-
sized by thin film evaporation method. SAON model was established in
twenty-four male Sprague Dawley rats (32020g). The procedure was briefly
performed by once intravenous injections by tail vein of 40 mg/kg lipopolysac-
charide (LPS), and then three times intramuscular injections of 40mg/kgmeth-
ylprednisolone (MPS) at a time interval of 24 hrs. At 2 weeks post the last
injection, the SAON rats were divided into four groups: SAON control (ONC)
and treatment groups (ASP-LP-ICT, LP-ICT and ASP-LP) that were subjected
to once injection per week for two weeks according to ICT dosage of 16 mg/
kg with different formulations. Other six normal rats served as normal control
(NC). As the termination, coronal paraffin sections of femoral head were pre-
pared for tartrate-resistant acid phosphatase (TRAP) staining. The region of
2.76 mm1.38 mm in trabecular bone below growth plate was defined for
quantification. The parameters measured were bone surface (BS), osteoblasts
surface (Ob.S), osteoclasts number (N.Oc) and eroded surface (ES).
Results: The staining results presented the difference between ONC and
treatment groups. Based on the respective comparison of Ob.S/BS, ES/BS,
N.Oc/BS and N.Oc/ES, compared to the values in ONC group (19.792%,
23.130%, 5.216 and 22.577), there were significant differences in ASP-LP-
ICT group (33.787%, 10.592%, 3.283 and 31.440) (p<0.05, nZ6) that indi-
cated the optional effects of osteoblasts enhancement and osteoclasts
reduction. However, for LP-ICT and ASP-LP groups, as compared to ONC
group, except there was significant reduction in N.Oc (p<0.05, nZ6), other
results showed no significant difference (p>0.01, nZ6).
Conclusion: In SAON prevention, the innovative injectable Asp8-lipo-
some-icaritin system was effective not only in bone-forming enhance-
ment, but also in bone resorption inhibition that mainly through
specific suppression of osteoclasts erosion effect, but not simple reduc-
tion of osteoclasts number or lifespan in contrast to the delivery system
without Asp8 or icaritin.
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Groups Ob.S/BS ES/BS N.Oc/BS N.Oc/ES
NC 51.2059.103% 13.8873.4% 3.1230.623 22.9952.43
ONC 16.7923.621% 23.1300.4% 5.2160.893 22.5772.089
ASP-LP-ICT 33.7871.508%* 10.5921.9%** 3.2830.503* 31.4404.09*
LP-ICT 27.5473.314% 19.3723.0% 3.8240.857* 19.7662.115
ASP-LP 24.2983.906% 17.3192.9% 3.3520.548* 19.7694.279
Mean values  standard deviations
*p<0.05, **p<0.01 for comparison with ONC group, nZ6
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COMPARATIVE STUDY OF TWO TYPES OF BIOACTIVE EPIMEDIUM FOR
OSTEOPOROSIS TREATMENT IN AN OVARIECTOMIZED RAT MODEL
Shi Hui Chen a, Xin Luan Wang a,b, Yang Bai a, Li Zhen Zheng a, Ling Qin a,b
aDepartment of Orthopaedics & Traumatology, The Chinese University of
Hong Kong, Hong Kong SAR, China
bTranslational Medicine R&D Center, Shenzhen Institutes of Advanced
Technology, Chinese Academy of Sciences, Shenzhen, China
Background: Osteoporosis is a systemic metabolic disease causing a reduc-
tion of bone mass and strength, and an increase infracture risk conse-
quently. Traditional Chinese Herbs, e.g. Epimedium are often used as a
major composition to formulate herbal formula for osteoporosis treatment.
Different locality of herbs may cause different properties that would be a
decision of herbal formula selection for R&D of anti-osteoporosis herbal
drugs. This study aims to compare the efficacy of two Epimedium species,
namely Epimedium koreanum Nakai (X1) and Epimedium pubescens Maxim
(X2).
Methods: Ovariectomized (OVX) model was established in sixty female
Sprague Dawley rats (22020g). High (90 mg/kg/day) and low (45 mg/kg/
day) dosages of X1 and X2 were designed for daily intragastric administration
for 90 days post OVX, namely X1L, X1H, X2L and X2H groups, also sham-oper-
ated rats (sham group) and OVX rats (OVX group). After scarifying the ani-
mals, micro-CT scanning of the proximal tibia and the fourth lumbar
vertebra was conducted for evaluations of bone mineral density (BMD),
bone tissue volume fraction (BV/TV) and trabecular number (Tb. N). Biome-
chanical properties of the mid-shaft of tibia and the fourth lumbar vertebra
were also obtained.
Results: Micro-CT results of proximal tibia showed that as compared to OVX
group, significant higher BMD (28.41% and 25.35%) and BV/TV (33.01% and
38.33%) were found in X1H and X2L groups, respectively (p<0.05, nZ8).
For micro-CT results of vertebra, significant higher BMD (23.72% and
22.90%), BV/TV (31.70% and 30.96%) and Tb.N (26.85% and 18.27%) were pre-
sented in X1H and X2L groups, respectively (p<0.05, nZ8). Based on the re-
sults of 3-point bending test in tibia, there was no significant difference of
the mechanical strength between OVX group and each Epimedium groups
(p>0.05, nZ8), however, the results of compression test indicated the sig-
nificant higher E-Modulus (81.82%, 80.21% and 72.04%) and compressive
strength (74.59%, 64.92% and 81.05%) in X1L, X1H and X2L groups, respec-
tively (p<0.05, nZ8).
Conclusion: The two species of Epimedium showed significant efficacy for
slowing the loss of bone mass and strength in osteoporosis, which presenteda potential dose effect for both of the two species. However, there was no
significant difference found between the high dose of X1 and low dose of X2,
which indicated that both two Epimedium species could be selected for R&D
of herbal drug.
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Objective: Conventional HR-pQCT quantification approaches average bone
features over large regions and ignore their spatial association within the
structure, obscuring local information regarding their distribution and how
they contribute to bone strength. Here, we present 3D image analysis tech-
niques for population-scale multi-parametric spatial comparisons of bone
quality features. Specifically, we present: 1) voxel-based morphometry
(VBM), and 2) a surface-based framework to encode cortical bone features
in a laminar-wise manner, which is then used to measure cortical bone thick-
ness and perform statistical parametric mapping (SPM).
Methods: Imaging Scan-rescan HR-pQCT acquisitions with repositioning of
the distal radius and tibia were acquired in 30 subjects.
VBM
The radius and tibia of one subject were selected as references. Bone
feature maps of the remaining subjects were homogenized and spatially
normalized to the references based on affine and nonlinear registrations.
Voxel-wise multi-parametric comparisons (vBMD and BV/TV) were then
performed between “follow-up” and “baseline” scans, using Hotelling’s T2
tests for dependent samples and false discovery rate correction (FDR).
Surface-Based Cortical Bone Analysis
Bone segmentations, vBMD maps, non-local means, and fuzzy logic were
used to generate soft cortical bone segmentations: [0Zmarrow, 1Zbone]. A
one-to-one matching between the periosteal surface and the endosteal
boundary was established through streamlines computed with the Laplace’s
equation, thus enabling a laminar analysis.
-Streamline Integral Thickness (SIT)
Integrals of the soft segmentation along the streamlines yielded a porosity-
weighted cortical bone thickness measure. The streamline lengths provided
an apparent measure of cortical thickness.
-SPM
VBM registrations were used to spatially normalize the periosteal surfaces.
Analogous to VBM, multi-parametric vertex-wise comparisons of SIT and
mean streamline vBMD were performed.
-Global Reproducibility
Rigid matching of individual “follow-up” and “baseline” surfaces was
performed to assess global reproducibility of thickness and mean streamline
vBMD using CVRMS (absolute errors).
